Four primiparous Holstein-Friesian cows (518 kg average BW) with ruminal and duodenal cannulas were used to examine voluntary intake of direct cut (DC) or wilted (W) grass silage in relation to ruminal characteristics and chewing behavior. D r y matter content of the silages was 17.0 and 38.1%, concentrate DM intake was restricted to 5.0 and 5.3 kg/ d, and voluntary DM intake from silages averaged 7.4 and 9.5 kg/d (P = .008), respectively. The acetatdpmpionate ratio in ruminal fluid decreased from 4.0 on DC to 3.3 on W silage (P = .021). The protein content in milk increased from 26.3 to 27.5 a t e r (P = .042) and the protein yield from 469 to 574 g/d (P = .038). The distribution of concentrates (38% of DM intake) with a mean particle size of .04 cm reduced differences in fecal mean particle size between diets. There was a shift from eating to ruminating on W silage with regard to daily duration (min/d) and number of jaw movements (no./d). However, ruminating index (no./kg DM intake) remained unchanged, irrespective of wilting and chop length of the silages or physiological state of the animals. These results are interpreted to indicate that the time lag for functional density of feed particles in the reticulorumen to increase, as affected by ruminating activity, not rate of reduction of the particle size, limits voluntary intake of grass silage by cattle.
Introduction
Forage intake by ruminants is affezted by the proportion of indigestible fiber and rate of passage from the reticulonunen (Mertens and Ely, 1982) . The size of feed particles has to be reduced for their passage, and this is accomplished mainly by chewing during both eating and ruminating (Balch and Campling, 1962) . But other criteria affect intake by nuninants, for instance DM content of the forage (Jackson and Forbes, 1970) , size of feed particles and rate of their reduction (Smith et al., 1983) through chewing and ruminal fermentation, and pure taste. Wilting of grass prior to ensiling increases voluntary DM intake and diminishes daily duration of eating in favor of ruminating activity, but it does not change true ruminal OM or NDF digestibility (Teller et al., 1989) .
The purpose of our experiment was to examine voluntary intake of direct cut (DC) vs wilted (W) grass silage by lactating cows in relation to ruminal characteristics and chewing behavior and to discuss the results in relation to those recorded on nonlactating dairy heifers.
Materials and Methods
Animals and Fee&. Four primiparous Holstein-Friesian cows (83 f 6% Holstein), 2.6 f .2 yr of age and weighing an average of 523 f 47 kg at the beginning and 513 f 61 kg at the end of the trial, were assigned to two treatments according to a two-period crossover design: direct cut (DC) or wilted (W) grass silage. At least 50 d before calving, each animal was fitted with a ruminal cannula (12.3 cm diameter) and a T-type cannula at the duodenum ahead of the biliary and pancreatic ducts. The first period of the experiment was conducted during the 2nd to 3rd mo of lactation and the second period during the 4th to 5th mo.
Grasses were early spring cuttings. They came from the same meadow and were 93% perennial ryegrass (Ldium perenne L.), 3% Kentucky bluegrass (Poa pratemis L.) and 4% various weeds. H a l f of the grass was cut with a flail harvester and ensiled directly without additives. The other part was mown, wilted in the field for 24 h under excellent drying conditions and harvested with a precision chop machine, The grasses were conserved in trench silos without additive and covered with a plastic sheet. 
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The animals were tethered in individual stalls without bedding and fed separately. A pelleted concentrate (.6 cm diameter, Table 1 ) was offered at 0700 and 1700 during milking. The amounts of concentrate were calculated individudy and held constant during each period in order to cover 40% of the total energy requirements. The latter were established on the basis of the BW of the animals and the average mille production on d 12 to d 15 of each period; furthermore, a supplement of 1 kg concentrate was allotted for growth of the animals during first lactation (Buysse et al., 1977) . A supplement of 50 g of a mineralvitamin mixture (Table 1 ) was administered at each meal. The animals had free access to water and salt blocks3. When the concentrate was completely eaten, the silages were made available ad libitum in order to exceed intake on the previous day by at least 10%. Silage refusals were removed and weighed at 0815 each day.
Measurements. After an adaptation period of 4 wk with a grass silage, the animals were (Table 1) . Mean particle length of the silages was determined on the d-38 sample of the second period (Table 1) .
Ruminal fluid was sampled at hourly intervals from 0700 (before feeding) until 1600 on d 25 and analyzed for pH, ammonia and VFA, and for rate of disappearance of polyethyleneglycol (PEG) as outlined by Narasimhalu et al. (1989) .
The monitoring of eating and ruminating activities was done on d 27 to d 32 by an automatic system consisting of strain gauge transducers linked to a computerized data acquisition system (Beauchemin et al., 1989) . It consisted of a transducer using two strain gauges to transform cows' jaw movements into electrical signals. These analog signals were processed into discrete jaw movements by a data acquisition program written in BASIC for an IBM personal computer. The input data, consisting of a string of integers representing the number of chews in each 2-s interval, were stored on a floppy disk for subsequent
analysis. An interpretative program was used to classify the input data into one of three categories: eating, nuninating or idling (Beauchemin et al., 1989) . Ruminated boli were counted. Total chewing was calculated as eating time plus ruminating time. AU chewing behavior data were measured and interpreted over a 24-h period. During the monitoring of chewing activity, fecal grab samples were collected on d 28 to d 31 for particle size determination as described by Teller et al. (1989) .
Milk yield was recorded daily and milk was assayed for protein and fat contents during d 15 to d 38.
Analyses. The techniques used for analyses of feeds and ruminal contents were given by Teller et al. (1989) . The concentrate was assayed for NDF after a pretreatment with a bacterial amylase4 (Giger et al., 1987) . Milk was analyzed for protein (N x 6.38) by the standard Kjeldahl method (AOAC, 1960) and for fat by the Gerber method (Gerber, 1938) .
Statistical analysis was by ANOVA for a two-period crossover design with two treatments, two periods and four animals (Cochran and Cox, 1957) , using the GLM procedure of 4A127 amylase, Sigma Ltd, SI. Louis, MO. SAS (1982) . The 7 degrees of freedom (df) of the mean measurements were partitioned by this model into treatment, 1 & , period, 1 df; cows, 3 df and residual or error, 2 df.
Results and Discussion
According to the classification index proposed by Vanbelle et al. (1981) for evaluating the preservation quality of silages, the DC silage had medium contents of acetic and butyric acids, but its lactic acid content was low ( Table 1 ). The pH value of 4.3 and the ammonia Nltotal N ratio of .14 we-other indications of the medium preservation of the DC silage. The quality of the W silage was mainly depreciated by its high level of ammonia; its preservation also was categorized as medium. Furthermore, the great variation recorded for chemical composition of the silages sampled at different times, especially concerning fermentation products Vable 1). points out either great horizontal variation within the silage mass or some microbial deterioration of the ensiled grass near the front of the silage at feeding time. The latter explanation seems more plausible because of the exceptionally mild winter climate prevailing during the experiment. All the preceding factors might have affected voluntary intake of both silages. The products responsible for this include ammonia and VFA, especially acetic acid; the ratio of lactic acidhotal acid in the silage was positively correlated with intake ( Wilkins et al., 1971; Thomas and Chamberlain, 1983) . Deswysen (1980) noted only insignificant reductions in voluntary DMI when an acetic acidacetate mixhne was added to grass silage. Pehaps the VFA composition in grass silage merely reflects the general quality of its preservation, but other fennentation products, such as amines, contribute more than VFA to the depression in intake often noted with poorly preserved silages (Clancy et al., 1977) . In the present trial, the differences between DC and W silages in pH, total VFA and ammonia N were relatively small (Table  1) and by themselves cannot explain the greater voluntary intake (+28%; Table 2) of W than of DC silage.
Due to the harvesting conditions, mean particle length was 7.9 cm for DC and 2.5 cm for W silage (7'able 1). In terms of DM intake, sheep respond well to an increasing fineness of chop in silage; cattle appear much less with W vs DC silage, which was, however, degraded in the rumen to the extent of 70% (Narasimhalu et al., 1989) . Concurrently, the efficiency of bacterial protein synthesis in the rumen was improved and energy supply was increased when W silage was fed instead of DC silage. This augmented the amount of protein entering the small intestine (Narasimhalu et al., 1989) . This probably was the primary cause of the increase in milk protein.
Milk protein also may have been favored by the higher propionate molar proportion in ruminal fluid with W vs DC silage ( Table 3) .
The values recorded for pH, ammonia N and total VFA in ruminal fluid with the W and DC silages fed to lactating cows were of the same magnitude as those recorded in nonlactating dairy heifers (Teller et al., 1989) .
Furthermore, the feeding of W and DC grass silage caused a shift in the ruminal fermentation processes from acetate to propionate accompanied by a sharp decrease in the acetatelpropionate ratio (Table 3 ). In addition to the increased DM intake, this result also points out the great advantage of feeding W vs DC grass silage to high-producing dairy cows on high-forage diets, provided that the acetatel propionate ratio does not fall below 3, which would decrease milk fat.
Nonlactating dairy heifers devoted more time ( W d ) to eating DC than W silage (Teller et al., 1989) . This difference was supported by the present trial with lactating cows (Table 4) and was explained partly by the difference in particle length between the (Teller et al., 1989) . In the present trial with lactating cows, it was 31.1 and 35.4 min, respectively ( Table 4) . Vanbelle et al. (1989) showed that with allconcentrate diets, the feed particles passing through a sieve of aperture 1.25 mm do not have any ruminating value. Because this fraction represented more than 98% of the concentrate mixture of the present experiment, the ruminating value of the concentrate might These values are slightly higher than those recorded on heifers (Teller et al., 1989) ; this might be explained by the higher NDF and ADL contents of the ensiled grass (Woodford et al., 1986 ). The substitution of W for DC silage augmented the number of jaw movements the animals devoted to eat 1 kg DM of the silages by 84% and that of total DM by 71% (Table  5) . Consequently, the animds expended more ingestive energy with the diets based on DC compared to W silage. In contrast, ruminating activity per kilogram DM intake was not noticeably different between the two diets with regard to duration (P = S51) or number of chews (P = .301), which agrees with the observation of Wilson and Rynn (1974) showing that the method of grass preservation had no pronounced effect on rumination in cattle. When considering eating and ruminating together Pables 4 and 5), each kilogram DM of DC silage was masticated during a longer time, but the daily duration ( W d ) and daily number of jaw movements (no./d) devoted to chewing were similar for both diets.
With regard to voluntary intake and chewing behavior of the animals, chopping of the silages showed effects similar to those of wilting (Deswysen, 1980) ; addition of fonnic acid at ensiling decreased (-40%) unitary eating time and nonsignificantly increased (7%) unitary ruminating time (Dulphy et al., 1984) , whereas voluntary intake was the same level as for W silage (Waldo et al., 1973) . These effects cannot be related to ruminal OM or NDF digestibility. For instance, W and DC silages had similar rates of in situ disappearance of NDF despite the above-mentioned differences for daily chewing activity (min/d) of the animals (Teller and Vanbelle, 1989) .
From particle size measurements of digesta, using wet or dry sieving techniques, the probability of a feed particle leaving the reticulorumen presumably decreases exponentially with its size (Kennedy and Poppi, 1984; Shaver et al., 1988) . Contrary to the observations on dairy heifers (Teller et al., 1989) , no difference between DC and W silages in mean fecal particle size could be detected on lactating dairy cows, which showed a noticeably higher coefficient of spread (Table 5 ).
This might be explained by the contribution of small particles from the concentrate fed to the lactating animals that accumulated on sieves of ape-71 and 36 p (Figure 1) . None of the data reported in Figure 1 for DC and W silages differed. Before leaving the rumen, the reduction in size of feed particles is a requisite, but other factors also am involved. This may be concluded from 1) the large difference recorded for mean fecal particle size between DC and W grass silage in dairy heifers and the fact that the longer fecal particles of W silage were associated with a shorter ruminal retention time (Teller et al., 1989) ; 2) the fact that the majority of ruminal particles are small enough to pass through the reticulorumen orifice (Poppi et al., 1980; Welch, 1986) ; and 3) the calculations of Lechner-Doll et al. (1990) , which indicate that the passage of particulate matter is limited by the outflow rate of small particles rather than by the breakdown rate of large particles. The density of the feedstuffs prior to their ingestion, determined by their structural components, cannot be considered as determinant (Teller et al., 1989) . However, the entrapment and attachment of gaseous pouches to the feed particles, caused principally by microbial fermentation, detennine their functional density, which increases with time of exposure to the ruminal environment. According to the calculations of Lechner-Doll et al. (1990) . functional density accounted for 59% of variation in ruminal retention time of feed particles, whereas the particle size explained only 28%. Although density increases slowly after simple ruminal incubation of feedstuffs in the reticulorumen (Nocek and Kohn, 1987) , the most determinant effect has to be ascribed undoubtedly to ruminating activity, owing to the mechanical expulsion and detachment of the gaseous pockets within feed particles. At the same time, rumination reduces particle size of the feedstuffs, which also contributes to the increase in functional density of the feed particles (Lechner-Doll et al., 1990).
lmpllcatlons
Compared to direct cut grass silage (17% DM), wilting and short chopping prior to ensiling (38% DM) increased DMI, milk production and protein content of milk. This was accompanied by a reduced duration of eating 1 kg DM and a less efficient reduction of feed particle size in the reticdorumen. The duration and the number of jaw movements the animals devoted to rumination per kilogram of silage DM intake were not affected. These observations cannot be explained by the theory that reduction in size of the feed particles is the only limiting factor for voluntary intake of silages in dahy cattle. The time lag for functional density of feed particles in the reticdorumen to increase probably is involved also. 
